Electronic Version 
Stylesheet Version vl.1.1 



Description 



AUTOMATIC-PACKAGING APPARATUS 
WHICH CAN PACKAGE AN OPTICAL 

SENSING MODULE WITH A PREFERRED 
DISTANCE BETWEEN A LENS AND AN 
OPTICAL SENSOR 

Background of Invention 
[00° 1 ] 1. Field of the Invention 

[0002] The present invention relates to an automatic-packaging 
apparatus, and more particularly, toan automatic-pack- 
aging apparatus which can package an optical sensing 
module with a preferred distance between a lens and an 
optical sensor. 

[0003] 2. Description of the Prior Art 

[0004] Optical devices are applied in many fields, including opti- 
cal communications, displays, digital cameras, and so 
forth. However, optical sensors are indispensable optical 



modules in the above applications. Therefore, optical sen- 
sors have become a major optic-electronics product. 
[0005] There are two kinds of optical sensors, the charge coupled 
device (CCD) and the CMOS sensor. The CCD often used in 
a digital camera is a kind of semiconductor which is sen- 
sitive to a change of light. The CCD can transform an op- 
tical image signal into the form of charges stored on the 
surface of the CCD. Thus, the light intensity is easily de- 
tected according to the amount of the stored charges. The 
CMOS sensor is made of Si and Ge. By the effect of both 
N-type and P-type semiconductors existing in the CMOS 
sensor, the current is generated to reflect the image sig- 
nals. 

[0006] However, when an optical module is produced by the fac- 
tory, it includes an optical sensor and lens. Please refer to 
Fig.l. Fig.l illustrates an optical sensing module 10. The 
optical sensing module 10 comprises lens 14, an optical 
sensor 16 and an interface circuit 18. The scope of an im- 
age to be detected is larger than the optical sensor, so the 
lens focuses the image onto the optical sensor. For the 
example in Fig.l, the light source 12 forms its image on 
the optical sensor 16 through the lens 14. The optical sig- 
nal received by the optical sensor 16 is stored in the in- 



terface circuit 18 as an electronic signal. Then, the inter- 
face circuit 18 transmits the electronic signal to other sys- 
tem for further image processing. 

[0007] Those skilled in the art know that if an image is to be fo- 
cused on the optical sensor 16 by the lens 14, there is a 
preferred distance (such as D shown in Fig.l) between the 
lens 14 and the optical sensor 16. In the process of mak- 
ing the optical sensing module 10, the lens 14 and the 
optical sensor 16 are fixed in this preferred distance and 
make a package. Therefore, a user can directly use the 
optical sensing module 10 without aligning the lens. 

[0008] | n the prior art, the procedure of adjusting the distance 
between the lens 14 and the optical sensor 16 is as fol- 
lows: firstly, a light source 12 is put outside the optical 
sensing module 10. Then, the image of the light source 
12 is formed on the optical sensor 16 through the Iensl4. 
There is a distance between the lens 14 and the optical 
sensor 16 (usually the distance is not the preferred dis- 
tance). The optical sensor 16 will pass the image signal to 
the interface circuit 18 and the image signal is output to a 
computer by the interface circuit 18. Finally, the image is 
shown on the monitor of the computer. A tester adjusts 
the distance between the lens 14 and the optical sensor 



16 according to the clearness of the image shown on the 
monitor. The preferred distance is determined by the 
tester to be the distance in which the image on the moni- 
tor is clearest. According to the preferred distance, the 
lens 14 and the optical sensor 16 are packaged to an op- 
tical sensing module 10. 
[0009] The prior art method for packaging an optical sensing 

module has the following disadvantages: 1. Determining 
clearness of an image by naked eyes is not definite and 
consistent in each focusing. 2. Artificial focusing is not 
economic and efficient. 3. If there are stains on lens or 
some broken points on an optical sensor, it is hard for 
humans to detect them. Therefore, it needs an automatic- 
packaging apparatus to improve speed and accuracy of 
producing the optical sensing module. 
Summary of Invention 

[0010] According to the claimed invention, an automatic-pack- 
aging apparatus which can package an optical sensing 
module with a preferred distance between a lens and an 
optical sensor comprises a base used for being put a lens 
and an optical sensor, the base further comprising an ad- 
justment device for adjusting the distance between the 
lens and the optical sensor; an image-analyzing module 



used for analyzing an image signal received from the op- 
tical sensor and outputting an analyzed result; a distance- 
adjusting module, connected to the base and the image- 
analyzing module, for controlling the adjustment device 
to adjust the distance between the lens and the optical 
sensor according to the analyzed result; and a packaging 
module for packaging the lens and the optical sensor into 
an optical sensing module. 
[0011] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0012] pig.l illustrates an optical sensing module. 

[0013] pig. 2 illustrates an embodiment of an automatic-packag- 
ing apparatus according to the present invention. 

[0014] pig. 3 illustrates the FD (The focus-value measure based 
on Difference) under different distances between the lens 
and the optical sensor. 

[0015] Fig. 4 illustrates another embodiment of the automatic- 
packaging apparatus according to the present invention. 



[0016] pig. 5 illustrates the structure of the base according to the 
present invention. 

[0017] pig. 6 illustrates a flowchart of detecting if a lens or an op- 
tical sensor has defects according to the present inven- 
tion. 

[0018] Fig. 7 illustrates the flowchart of deciding the preferred 
distance between a lens and an optical sensor in an opti- 
cal sensing module according to the present invention. 
Detailed Description 

[0019] please refer to Fig. 2. Fig. 2 illustrates an embodiment of an 
automatic-packaging apparatus 30 according to the 
present invention. The automatic-packaging apparatus 30 
comprises a stain-detecting module 32, a distance-ad- 
justing module 34, an image-analyzing module 36, a 
packaging module 31 and a base 38. The base 38 is used 
for supporting a lens and an optical sensor, between 
which there is a distance. The base 38 further comprises 
an adjustment device 35 to adjust the distance between 
lens and the optical sensor. The image-analyzing module 
36 connected to the base 38 is used to analyze an image 
signal received by the optical sensor on the base 38. The 
distance-adjusting module 34, connected to the base 38 
and the image-analyzing module 36, delivers an analyzed 



signal to the distance-adjusting module 34 when the im- 
age-analyzing module 36 analyzed the image signal and 
passed it to the distance-adjusting module 34. The dis- 
tance-adjusting module 34 controls the adjustment de- 
vice 35 to adjust the distance between the lens and the 
optical sensor according to the analyzed signal. The 
stain-detecting module 32 connected to the base 38 is 
used to determine if the image signal received by the op- 
tical sensor is disturbed by stains. The packaging module 
31 is used to package the lens and the optical sensor to 
form an optical sensing module. 

[0020] a portion of the image signal, instead of the whole image 
signal, is analyzed by a logic device 37 in the image- 
analyzing module36. The logic device 37 can determine 
the clearness of an image signal by an FD (the focus-value 
measure based on Difference). If the FD of an image is 
greater, the image is clearer. Suppose a selected portion 
of an image signal consists of a plurality of pixels. The 
pixels located in Gb (or Gr) of the Color Filter are ex- 
pressed as g(x,y). The gradient in the x-axis is Gx and the 
gradient in the y-axis is Gy. Gx, Gy, and the FD are ex- 
pressed as follows: 

[0021] Gx = g(x,y)-g(x+l,y) 



[0022] 



Gy = g(x,y)-g(x,y+l) 



[0023] 



[0024] when the distance between the lens and the optical sensor 
is different, the FD of the received image signal by the im- 
age-analyzing module 36 are different. Please refer to 
Fig. 3. Fig. 3 illustrates the FD (The focus-value measure 
based on Difference) under different distances between 
the lens and the optical sensor. The x-axis of the figure 
represents the distance between the lens and the optical 
sensor, and the y-axis represents the FD. As shown in 
Fig. 3, when the distance between the lens and the optical 
sensor is the preferred distance, the FD is greatest. The 
automatic-packaging apparatus 30 packages the optical 
sensing module with the preferred distance. 

[0025] Operation of each module in the automatic-packaging ap- 
paratus 30 is as follows: The distance-adjusting module 
34 controls adjustment of the distance between the lens 
and the optical sensor in the base 38. When the distance 
is being adjusted, the image-analyzing module 36 ana- 
lyzes the FD under different distances. If the FD becomes 



small enough during adjustment of distance, the dis- 
tance-adjusting module 34 controls the adjustment de- 
vice 35 in the base 38 to inversely adjust the distance be- 
tween the lens and the optical sensor (shorten the in- 
creasing distance and lengthen the decreasing distance). 
On the other hand, if the FD becomes larger during ad- 
justment of the distance, the distance is adjusted in the 
same way until the FD decreases. According to the Fig. 3, 
the preferred distance occurs at the transition of the 
curve. Therefore, the distance-adjusting module 34 and 
the image-analyzing module 36 cooperate with each 
other to locate the preferred distance. Then the packaging 
module 31 packages the optical sensing module with the 
preferred distance. 
[0026] when the distance-adjusting module 34 performs adjust- 
ment of distance, the distance between the lens and the 
optical sensor is adjusted in different step sizes. In the 
beginning, the distance-adjusting module 34 adjusts the 
distance in a larger step. When the adjusting procedure 
undergoes the transitionof the FD curve according to the 
Fig. 3, the distance is adjusted inversely in a smaller step. 
The above procedures are repeated until the preferred 
distance is found. The adjustment in different step sizes 



makes the adjustment job fast and accurate. 

[0027] The automatic-packaging apparatus 30 of the present in- 
vention further comprises the stain-detecting module 32 
to detect stains or broken spots on the lens or on the op- 
tical sensor. The stain-detecting module 32 comprises a 
memory 33 for storing a predetermined standard image. 
The predetermined standard image is a reference image 
representing the standard image of a light source. Sup- 
pose that the lens and the optical sensor to be packaged 
are of good quality, the image of the light source trans- 
mitted to the stain-detecting module 32 through the lens 
and the optical sensor should be the same as the prede- 
termined standard image stored in the memory 33. Oth- 
erwise, if the received image of the stain-detecting mod- 
ule 32 is different from the predetermined standard image 
in the memory 33, it would mean that the lens or the op- 
tical sensor are maculate. 

[0028] The image signal received by the optical sensor and 

passed to the stain-detecting module 32 is divided into a 
plurality of sub-image signals. Each sub-image signal 
represents a pixel on the optical sensor and corresponds 
to a location. On the other hand, the predetermined stan- 
dard image is also divided into a plurality of standard 



sub-images, which also corresponds to a location of the 
optical sensor. When the stain-detecting module 32 com- 
pares the received image signal with the predetermined 
standard image signal, those sub-images of the received 
image and the predetermined standard image corre- 
sponding to the same location are compared. Therefore, 
the stains or the broken spots of the optical sensor and 
the lens can be located. 

[0029] | n addition, the function of the stain-detecting module 
can be implemented by the image-analyzing module. 
Therefore, in the second embodiment of the present in- 
vention, the automatic-packaging apparatus comprises a 
distance-adjusting module 34, an image-analyzing mod- 
ule 36, a packaging module 31 and a base 38. The dis- 
tance-adjusting module 34, the packaging module 31 and 
the base 38 are the same as what is mentioned previously. 
The image-analyzing module 36 includes the function of 
stain-detecting in addition to the original function. 

[0030] please refer to Fig. 4. Fig. 4 illustrates another embodiment 
of the automatic-packaging apparatus 40 according to the 
present invention. The automatic-packaging apparatus 40 
comprises lens 14, an optical sensor 16, a base 38, a mo- 
tor 44, an interface 46, and a processor 48. The base 38 



is used for supporting the lens 14 and the optical sensor 
16, between which there is an adjustable distance. An im- 
age signal received by the optical sensor 16 is transmitted 
to the interface 46. The interface 46 passes the image 
signal to the processor 48. The processor 48 is used to 
analyze the image signal and delivers the analyzed result 
to the interface 46. The motor 44 is used to adjust the 
distance between the lens 14 and the optical sensor 16. 
The interface 46 controls the motor 44 according to the 
analyzed result of the processor 48 to make the lens 14 
move apart from the optical sensor 16 and reach a pre- 
ferred distance. Please refer to Fig. 5. Fig. 5 illustrates the 
structure of the base 38 according to the present inven- 
tion. The base 38 comprising a cover 39 for fixing or pro- 
tecting the lens 14 and the optical sensor 16 makes the 
procedure of packaging easier. 
[0031] please refer to Fig. 6. Fig. 6 illustrates a method of detect- 
ing a lens or an optical sensor according to the present 
invention. In step 100, receive an image signal which is 
generated on the optical sensor through the lens. In step 
110, divide the image signal into a plurality of sub-image 
signals, which correspond to different locations on the 
optical sensor. In step 120, compare the sub-image signal 



with a predetermined standard image which is a reference 
image signal for comparison. In step 130, if the received 
image signal does not match the predetermined standard 
image signal, locate the mismatched spots which may be 
the stains or the broken points on the optical sensor or 
the lens. 

[0032] please refer to Fig. 7. Fig. 7 illustrates the flowchart of de- 
ciding the preferred distance between a lens and an opti- 
cal sensor in an optical sensing module according to the 
present invention. In step 200, initially adjust a fixed dis- 
tance of the lens and the optical sensor. In step 210, re- 
ceive an image signal from the optical sensor. In step 220, 
fetch a portion of the image signal for analysis. In step 
230, calculate an FD according to the portion of the image 
signal. As mentioned above, an FD is used to determine 
the clearness of an image. An image with larger FD is 
considered to be clearer. In step 230, the calculation of FD 
undergoes the following steps: 

[0033] ( a ) | n the portion of the image signal, a horizontal devia- 
tion is shown as Gx = g(x,y)-g(x+l,y), wherein (x,y) rep- 
resents the location corresponding to Gb (or Gr) in the 
Color Filter. Obtain Gx 2 ; 

[0034] (b) in the portion of the image signal, a vertical deviation 



is shown as Gy = g(x,y)-g(x,y+l), wherein (x,y) represents 
the location corresponding to Gb (or Gr) in the Color Fil- 
ter. Obtain Gy 2 ; 
[0035] ( c ) obtain Gx 2 + Gy 2 and then generate an FD. 

[0036] | n s tep 240, determine whether the FD obtained from step 
230 becomes smaller and is small enough. If it is so, then 
change the adjusting steps as well as the adjusting trend, 
or repeat step 210, step 220 and step 230. When the 
greatest FD is obtained, stop changing the distance be- 
tween the lens and the optical sensor. In step 250, the 
lens and the optical sensor are packaged into an optical 
sensing module with the preferred distance. 

[0037] | n the present invention, an image-analyzing module and 
a distance-adjusting module are utilized to adjust the 
distance between the lens and the optical sensor to the 
preferred distance so that the packaged optical sensing 
module can detect a clear image on the optical sensor. In 
addition, the automatic-packaging apparatus of the 
present invention has a stain-detecting module for de- 
tecting and further locating stains or broken points of lens 
or an optical sensor of an optical sensing module. The 
present invention combines the procedures of packaging 
and optical detecting using automatic devices for short- 



ening the time of packaging and testing, reducing labor 
work, and improving production efficiency as well as de- 
tecting accuracy. 
[0038] | n the prior art, packaging an optical sensing module has 
the disadvantages that determining clearness is not defi- 
nite and consistent, focusing is not economic and effi- 
cient, and detecting stains on lens or some broken points 
on an optical sensor is difficult. The automatic-packaging 
apparatus which can automatically package an optical 
sensing module with a preferred distance between a lens 
and an optical sensor according to the present invention 
comprising an image-analyzing module, a distance-ad- 
justing module and a stain-detecting module has an ad- 
vantages of high efficiency, low cost, and short processing 
time. 

[0039] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



